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Remarks: 

Claims 1-3 and 6-8 are amended and claims 9-14 added herein. Upon entry 
of this amendment, claims 1-14 will be pending in the subject Application. 

A copy of the entire specification showing the amendments presented herein 
Is attached per the Examiner's request. 

Claims 1-8 - Section 1 12 

Applicant respectfully requests reconsideration of the rejection of claims 1-8 
under 35 U.S.C. § 112, first paragraph, as containing subject matter which was not 
described in the specification in such a way as to enable skilled in the art to make and/or 
use the invention. The amendment to claims 1-8 deletes "to display a stereoscopic image" 
(claims 1 , 6, and 7) and "displaying a stereoscopic image" (claim 8). The Office Action 
draws a distinction between an apparatus' ability to display a stereoscope image and an 
apparatus' ability to display an image that is perceived as stereoscopic by the viewer. 
Although Applicant respectfully disagrees with the distinction and application of the 
distinction as the basis for a rejection, the amendments to the subject claims render the 
point moot and the rejection improper. Accordingly, Applicant respectfully requests that the 
rejection be withdrawn. 

Claims 1-8 - Objection 

Applicant respectfully requests reconsideration of the objection to claims 1 -8. 
The amendment to claims 1-8 deletes "arbitrary phase distribution" and "stereoscopic 
image." The Office Action asserts that because there is no logical connection between 
"arbitrary phase distribution" and the "stereoscopic image," the claims are confusing and 
indefinite. As an initial matter, a daim that the Examiner finds unclear and indefinite should 
not be objected to because objections address improper claim form (e.g., improper 
dependency), not improper claim substance. See M.P.E.P. § 706.01 (distinguishing 
rejections and objections). Further, Applicant respectfully disagrees with the assertion that 
the scope of the claims is confusing and indefinite. In any event, the amendments to the 
subject claims render the objection (and any similarly based Section 112, second 
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paragraph, rejection) improper. Accordingly, Applicant respectfully requests that the 
objection be withdrawn. 

Claims 1-6 - Section 103 

Applicant respectfully requests reconsideration of the rejection of claims 1-6 
under 35 U.S.C. § 1 03(a) as being unpatentable over U.S. Patent No. 5,982,553 (Bloom) in 
view of U.S. Patent No. 5,694,235 (Kajiki) and U.S. Patent No. 6,307,663 (Kowarz). As 
amended, claims 1-5 recite a one-dimensional spatial modulator including one- 
dimensionally arrayed elements having top surfaces, the elements being independently 
driven such that the entire top surface of each element selectively moves upward and 
downward during operation of the display apparatus. As amended, claim 6 recites a 
Grating Light Valve device having a plurality of ribbon-like elements that have top surfaces, 
the Grating Light Valve being configured to generate a phase distribution by independently 
driving each ribbon-like element so that all of the top surface of each elements selectively 
moves up and down during operation of the display apparatus. 

The amendments to claims 1-6 are supported by the specification. For 
instance, exemplary elements or ribbons are designated by reference number 1 1 in Figs. 1 
and 2. The specification states phase distributions are generated "by the independent 
driving of each ribbon 11 of a GLV 10" (page 11, lines 4-7)(emphasis added), which 
enables various types of signal processing (page 1 2, lines 1 7-20). The specification further 
identifies a function describing the manner in which each element is separately driven 
(page 1 1 f lines 1 6-25) in the V direction (e.g., from right to left in Figs. 1 and 2), Because 
each element includes a top surface and moves up and down as a whole (see e.g., page 
12, lines 6-8, and Figs. 1 and 2), the entire top surface (e.g., the right-most surface in Figs. 
1 and 2) of each element moves up and down (e.g., right and left in Figs. 1 and 2) during 
operation. 

Bloom discloses a display grating light valve have active ribbons 12, 12A 
separated by fixed ribbons 18, 18A. Kajiki discloses a 3-D recording/reproducing system 
including a modulator 19. Kowarz discloses a light modulator wherein portions of ribbon 
elements 23a-23d move up and down while portions intermediate the moving portions (i.e., 
portions positioned above intermediate supports 27) remain fixed. Bloom, Kajiki, and 
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Kowarz, individually and in combination, fail to show or suggest elements independently 
driven such that all of the top surfaces of the elements selectively move upward and 
downward, as claimed. 

Because the references, individually or in combination, do not show or 
suggest every claimed feature, the rejection is improper. Accordingly, Applicant 
respectfully requests the rejection be withdrawn. 

Claims 7 and 8 - Section 103 

Applicant respectfully requests reconsideration of the rejection of claims 7 
and 8 under 35 U.S.C. § 103(a) as being unpatentable over Bloom in view of Kajiki. As 
amended, claim 7 recites means for spatially modulating the coherent light in a one- 
dimensional direction, wherein the means for spatially modulating is controlled in part 
according to a Fourier transformation function, and means for scanning the modulated light 
in a direction orthogonal to the one-dimensional direction and in a direction parallel to the 
one-dimensional direction. 

As amended, claim 8 recites spatially modulating the coherent light In a one- 
dimensional direction in accord with a Fourier transformation function. 

Bloom discloses a display grating light valve have active ribbons 12, 12A 
separated by fixed ribbons 18. 18A. Kajiki discloses a 3-D recording/reproducing system 
including a modulator 19. The references fail, individually and in combination, to show or 
suggest controlling the means for spatially modulating in part according to a Fourier 
transformation function and means for scanning the modulated light in a direction 
orthogonal to the one-dimensional direction and in a direction parallel to the one- 
dimensional direction (claim 7) or to show or suggest spatially modulating the coherent light 
in a one-dimensional direction in accord with a Fourier transformation function (claim 8). 

Because the references, individually or in combination, fail to show or suggest 
every claimed feature, the rejection is improper. Accordingly, Applicant respectfully 
requests the rejection be withdrawn. 
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Conclusion 

As It Is believed that the Application is in condition for allowance, a favorable 
action and Notice of Allowance are respectfully requested. 



Respectfully submitted, 



Pate: 06 fl/^ctT" 




i 



David EVjCrawford 
Customer No. 26: 
(314)259-5810 




,118 
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STEREOSCOPIC IMAGE DISPLAY APPARATUS 

RELATED APPLICATION DATA 

This application claims priority to Japanese Patent 
5 Application JP 2000-358207, and the disclosure of that 

application is incorporated herein by reference to the extent 
permitted by law. 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention relates to a stereoscopic image 
display apparatus for displaying a stereoscopic image. 

2. Description of the Related Art 

X5 Various kinds of display apparatus for displaying 

planar images {two-dimensional images) by radiating light 
have hitherto been put to practical use. For example, a 
liquid crystal panel and a digital micro-mirror device (DMDJ 
have been used as a spatial modulator for modulating light 

20 to be projected according to a planar image to be displayed 
in such a display apparatus. 

Moreover, research and development of diffraction 
gratings that can freely be driven by micro-machines have been 
25 proceeding in recent years. Bloom et al (U.S. Pat. No. 
5,311,360) discloses a display apparatus using such a 
diffraction grating as a spatial modulator for modulating 
light to be projected aooordJ r iftg ^ frO" o displaying i-irre^e— woo 
submitted and has boon widely notiood . 

1 
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SteeAmicro-machine type diffraction grating *e-be used 
as a spatial modulator - like thio is generally called a* a 
Grating Light Valve (GLV) [ [,]].,. GLVs have and Duch ai - 

5 girrj.auLluu urnl-inrj hn» features u u u h Ux a L it mt i allowing 
them to be operated at a higher speed and can be manufactured 
at a lower cost by using various Icinds of semiconductor 
manufacturing techniques In uju i^i i n n .nth n compared to 
liquid crystal pa*e± Panels and a-BM* DMDs that have hitherto 

10 been used as a spatial modulator. 

Accordingly, it is expected that a display apparatus 
can display a clear and bright image without any discontinuity 
and can be realized at a low cost when the display apparatus 
15 is configured by the use of the GLV. 

On the other hand, as for display apparatuses for 
displaying stereoscopic images (three-dimensional images) , 
though the display apparatuses have hitherto been realized 
20 by the use of various systems, many of them have various 
restrictions such that visual fields are limited within 
narrow ranges or that special glasses are needed to see, and 
they have not been put to full-scale practical use yet. 

25 Accordingly, various technologies making it possible 

to display stereoscopic images in real time by the use of 
various hologram techniques have been proposed in recent 
years. As an example of such proposals, there is a display 
apparatus (U.S. Pat. NO- 5,172,251) that uses acousto-optic 
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devices controlled by a computer apparatus or the like as 
one-dimensional hologram devices (hereafter called computer 
generated hologram (CGH) ) and displays stereoscopic images 
by scanning one-dimensional stereoscopic images generated by 
5 the CGH in horizontal directions and vertical directions. 

SUMMARY OF THE INVENTION 

However, in the caoQ whoro Where stereoscopic images 
are displayed by the use of the acousto-optic devices in the 

10 way described above, for example, the acousto-optic devices 
are used as one-dimensional hologram devices by creating a 
refractive index distribution by the input of ultrasonic 
waves according to displaying images. However, the 
displayed images may be distorted as if the displayed image * 

15 is flowing due to the nature of the ultrasonic waves to be 
traveling waves * Accordingly, it is necessary to correct the 
"flowing" distortion of displayed images by the use of, for 
example, a polygon mirror or a galvano-mirror . In this case, 
there arc problems presented include - :fra<sh - ^ - ha - t the whole 

20 structure of the display apparatus become o being 

complicated! [, ] ] a^d further that it is needed the need to 
adjust the timing of the correction to be extremely accurate 
lest time lags should will be generated. 

25 Moreover, devices other than the acousto-optic devices 

are oo - far difficult to obtain use as a spatial modulator that 
can operate at a high speed and perform the modulation 
modulation with an abundant amount of informatio n^ both the 
opced and the amount being ouf f ioicnt to display stereoscopic 

3 
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images , in a display apparatus for displaying the 
sterooocoplc imagoa ■ Ske- Further, conventional 
acousto-optic devices havo ohortoomingo of that tho y are 
expensive and high voltages are necessary for driving 

5 to drive theiru 

There i- another problem Pnrirnin11 ^ An enormous amount 
of information is required for displaying stereoscopic images 
because it becomes is necessary to display precise 

10 information in three-dimensional directions. It is not 
practical at present to control such enormous amount of 
information with conventional devices . Moreover, because 
the amount of information to display a stereoscopic image 
increases by leaps and bounds as the si2es of the images to 

15 be displayed become large, display of a large size 

stereoscopic images becomes very difficult. Besides Also, 
in the case where stereoscopic images are displayed as moving 
picture in real time, the necessary amount of information 
further jumps up by leaps and bounds [[, ]] and it becomes is 

20 necessary to process an enormous amount of information at 
extremely high speed - 

Although various kinds of display apparatuses for 
displaying stereoscopic images have hitherto been proposed, 
25 such display apparatuses have many problems , such as those 
mentioned above, and the display apparatuses are not put to 
practical use yet. 

The present invention is made in consideration of the 

4 
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aforesaid situation and problems. It is desired to provide 
a stereoscopic image display apparatus capable of displaying 
stereoscopic images at a higher speed and with a simpler 
structure than can be manufactured at a lower cost. 

5 

According to a** one embodiment of the present invention, 
a stereoscopic imago display apparatus ia provided. — Tfee 
stereoscopic image display apparatus comprises a light source 
radiating light of a wavelength in a predetermined wavelength 
10 range-*— aft^a one-dimensional spatial modulator including 
one-dimensionally arrayed elements that are independently 
driven to generate an arbitrary phase distribution [ [; ] 1^ and 
a scan unit scanning the light from the light source to a 
predetermined direction, the light having entered into the 
15 one-dimensional spatial modulator and having been modulated 
therein . 

The stereoscopic image display apparatus according to 
the present embodiment ^ uhich configured as above ?- uses the 
one-dimensional spatial modulator including the 
independently driven elements as a spatial modulator for 
modulating light to be projected. Because such a 
one-dimensional spatial modulator may be operated at a- an 
extremely high speed, stereoscopic images may be displayed 
based on a sufficiently abundant amount of information. 
Moreover, because the stereoscopic image display apparatus 
displays stereoscopic images by the use of light modulated 
by the one-dimensional spatial modulator, the overall 
structure of the apparatus may be simplified, and the 

5 
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manufacturing cost thereof may be lowsred. Moreover, the 
apparatus may express a stereoscopic effect without any 
special equipment such as special glasses to view 
stereoscopic image, 

5 

Moreover, the stereoscopic image display apparatus of 
the present embodiment displays stereoscopic images by 
scanning and radiating the light modulated by the 
one-dimensional spatial modulator. Thereby, for example, 

10 the stereoscopic images may be displayed with only horizontal 
parallax of the stereoscopic images to be displayed by the 
renunciation of vertical parallax. By displaying of the 
stereoscopic images with one directional parallax in such a 
way, the increase of a necessary amount of information may 

15 be suppressed, and an amount of information and a processing 
time, both necessary for displaying stereoscopic images, may 
be decreased to a practical level. 



Even when the stereoscopic images are displayed with 
20 only horizontal parallax as described above, stereoscopic 
effects may fully be expressed because two human eyes are 
arrayed in a horizontal direction and more insensitive to 
vertical parallax than horizontal parallax. 



In the stereoscopic image display apparatus according 
to the present embodiment, the scan unit may scan the light 
modulated by the one-dimensional spatial modulator in a 
direction perpendicular to the arraying direction of the 
elements of the one-dimensional spatial modulator. 



6 
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Accordingly, a larger nice of tho stereoscopic image may be 
displayed and a wider viewing field may be ensured fey^ 
projecting the scanning light that jg modulated with the 
o ne dimenoional spatial modulator and ocanncd with the ooan 
5 unit into tho perpendicular direction to the ggraying - 

direotion of the elements oinoo because the one-dimensional 
spatial modulator with the individually driven elements may 
be operated in a sufficiently fast speed. 

According to another embodiment of the present 
invention, there is provided a stereoscopic image display 
apparatus comprising: a light source radiating light of a 
wavelength in a predetermined wavelength range; a Grating 
Light Valve device that can independently drive each 
ribbon-like element to generate an arbitrary phase 
distribution of the light; a collimator lens making the light 
modulated by the Grating Light Valve device into parallel ray; 
a scan unit scanning the parallel ray from the collimator 
lens; a lens performing Fourier transformation on the scanned 
ray; and a diffuser panel diffusing the ray Fourier 
transformed by the lens . 

According to the above mentioned embodiment of the 
present invention, the stereoscopic image display apparatus 
25 capable of displaying stereoscopic images *** at a higher speed 
may be realized at a lower cost with a simpler structure. 
Moreover, according to the above mentioned embodiment , an 
amount of information and a processing time, both being 
necessary for displaying a stereoscopic image, may be 

7 
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decreased thereby enabling the moving picture display of 
stereoscopic images in real time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The other objects, features^ and advantages of the 

present invention will become more apparent from the 
following description including of the presently preferred 
exemplary embodiments of the invention taken in conjunction 
with the accompanying drawings, in which: 
10 Fig- 1 is a mimotio diagram schematic showing a state 

oach that light enters into a GLV being an cjtomplo of i ncident 
licrht waves approaching the GVL of a spatial modulator of the 
pr e s ent invent i on ; 

Fig. 2 is a mimetic diagram schematic showing light 
15 waves a state auah that the light entered into after being 
modulated by the GLV being an exampl - e - of the spatial modulator 
of the present inventio n ia modulated and re float-ex *; 

Fig. 3 is a mimetic diagra m schematic perspective 
explaining the principle of the preoont invention by 
20 illustrating the scanning of the light modulated by the GLV 
in a predetermined direction ; 

Fig. 4 is a schematic diagram of a display apparatus 
e frown ao an oatamplc e f the atruoturo perspective of the 
stereoscopic image display apparatus according to the present 

25 invention; 

Fig. 5 is a schematic diagram lor illustrating the 
■goration dircctiono of a firot and a second galvano - mlrrog& 
of the display apparatus of the stereoscopic image display 
apparatus shown in Fig. 4 from another perspective ; 

8 
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Fig - 6 is a mimetic diagra m schematic showing an example 
of q ffltatc such rha fe scanning direction s of the laser beams 
modulated to onc - dimcnQional wavaffgonto ncan in a projection 
plane on which stereoscopic images are projected by 4a the 
5 display apparatus; 

Fig 1 is a mimotic diagram schematic showing another 
example of a atoto such thafe scanning directi ons of the laser 
beams nodulated ro one dimensional wavefronto a can in a 
projection plane on which stereoscopic imag es are projected 
10 by ±» the display apparatus; 

Fig . 8 is a schematic block diagram showing a conrrol 
circuit provided in the display apparatus; and 

Fig . 9 is a schematic perspective view of a mirror array 
shown ao an ojcamplo of a display apparatus having a scan 
15 mechanism including a mirror arra provided in the dinplay 
oppaaratuo . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS INVENTION 

Hereinafter, the attached drawings are referred to 
20 while a preferred Gmbodimoiy fr embodiments of the stereoscopic 
image display apparatus according to the present invention 
are described — in dota - i -i. 



One of the features of a first embodiment of the present 
25 embodiment invention is to use a micro-machine type 

one-dimensional spatial modulator as a spatial modulator for 
modulating light to be projected* Specifically, as such a 
spatial modulator, a micro-machine type diffraction grating 
may be used. The microtia chine type diffraction grating is 

9 
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generally called as a Grating Light Valve (GLV) when 4fe-±a 
used as a spatial modulator. 

The princ i ple ^ r i^y^^ ^ prcpcnti embodiment is - 

5 described in the following before the embodiment of the 
present invontion io described i 

A GLV comprises a plurality of minute ribbons formed 
on a substrate . The ribbons may be fabricated with various 

10 semiconductor manufacturing techniques. Each ribbon is 

configured to be able to arbitrary arbitrarily ascend and 
descend fey in response to actu ation from a piezoelectric 
device or the like . The GLV with such ribbon structure may 
be operated to dynamically drive each ribbon to vary its 

15 height while light with a predetermined wavelength range is 
irradiated thereto, thereby constituting a phase type 
diffraction grating as a whole. That is, the GLV generates 
the +l st order (or higher order) diffracted light by receiving 
irradiation of the J i <jht from the incident i rradiant light 

20 received . 



Accordingly, an image may be displayed by the following 
operations : irradiation of light to the GLV; shielding of the 
0 th order diffracted light; and driving each ribbon of the 
25 GLV upwardly upward and downwardly downward so as to have the 
diffracted light blink ♦ 

Various display apparatuses for displaying planar 
images (two-dimensional images) by utilizing the aforesaid 

10 
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characteristics of a GLV have hitherto been infroroducoa 
introduced . When a conventional display apparatus displays 
a constituent unit (hereinafter referred to as a pixel) of 
a planar image to be displayed, about six ribbons are used 
5 for displaying eae the pixel. Furthermore, in a group of 
ribbons corresponding to one pixel, adjoining ad-jacent 
ribbons are made to ascend or descend alternately. 

However, if each ribbon in a GLV may is independently 
10 fee wired to be driven separately, an arbitrary 

one-dimensional phase distribution may be generated. The 
GLV structured in such a way may be regarded as a reflection 
type one-dimensional phase type hologram- 

15 in the present embodiment, the GLV structured as a 

reflection type one-dimensional phase type hologram in the 
aforesaid way is used as the micromachine type 
one-dimensional spatial modulator . That is, for example, as 
shown in Fig. 1, an arbitrary phase distribution has been 

20 generated in advance by the independent driving of each ribbon 
11 of a GLV 10. When light with a predetermined wavelength 
range the phase of which is aligned enters into the GLV 10 
from the direction indicated by an arrow in Fig- 1, the 
incident light is modulated and reflected. Then, as shown 

25 in Fig. 2, an arbitrary one -dimensional wave front may be 
formed. 

Hereupon; o-opocif io c a tompla in the case where 
ctorcoooopio images arc di s p lay od-by-thc use of - s - uoh CLV io 

11 
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doocribodh- In the case where a stereoscopic image is 
displayed by the use of the GLV in which a plurality of ribbons 
are one- dime nsionally arrayed, each ribbon of the GLV is 
driven as follows: the Fourier transformation of a function 
5 ! A(X) II(X)onp[iB(X)] - a(x) : A(X) = H (X) exp [i<P (X) ] is 

calculated when an amplitude of the one-dimensional wavef ront 
generated by the GLV is expressed by the a(x) as a function 
in an x-direction[ [ ; ) ] and then each ribbon of the GLV is 
driven in such a way that a phase difference corresponding 
10 to the phase component <p(X) is given to the reflected 

light* 

In order to be more precise, it is desirable to modulate 
the amplitude component H(X) as well* Accordingly, a more 
15 accurate three-dimensional display may be realized. 

Incidentally, the display apparatus may still be able to 
display a stereoscopic image with sufficient stereoscopic 
effects even if the amplitude component H{X) is set to be 
constant . 

20 

When the ribbon in the GLV descends by a depth [[0]] 
5 from its default position, a change of 20 2^ is generated 
in the optical path length for the reflected light. 
Accordingly/ the phase difference generated by this change 
25 is 4n¥/A where [ [e] ] ^designates the wavelength of the 

light . 

Because fefre analog modulation of the GLV is possible, 
a desired phase difference may be given to the reflection 

12 



PAGE 46/76 * RCVD AT 4/612005 1 1 ;58:03 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 " DNIS:8729306 * CSID:3142595959 * DURATION (mm-ss):19-06 



Apr-06-05 10:55 Frori-Sonnenschai n Nath i Rosenthal 314 259 5959 T-643 P. 047/076 F- 



light by precise analog driving of the GLV. However, when 
a display apparatus j U u l I » ■ nl 1 ^ I hn nnn ^ f has such a 
GLV, it is practical to use a discrete calculation method 5 uch 
as the fast Fourier transf ormation. Accordingly, it is 
5 practical to discretely drive each ribbon of the GLV based 
on a digital signal Jlji.ii.u ay, ihH thereby eftatei*** easily 
allowing for various tod* types of signal processing^asy . 

Another embodiment in accordance with the present 
LO invention is characterized by displaying stereoscopic images 
by the use of, for example, a technique shown in Fig. 3 on 
the basis of the aforesaid principle, fts shown in Fig. 3, 
- «t.v ?n ^ ^ich a plura m-Y ° f ribbon-. an> one-dimensionally 
— y »H aerates one ane-dimensional wavefront after 
15 „ n t.h.r. The q on*»tid wav^nts *re scanned in a vertical 
^»rHnn bv a scan me ^ism comprising, for example, a 

T , < ™»r 21. That u.hv rotating the qalvano-mirror 

»1 <n a direction sh^m bv an arrow A in Fig, 3, a plurality 
M ^fr nB t 3 22a. 22b- ??-c are radintPrt 1n such a way that 
20 fh.v a re arr ^ the vertical direction. Thereby, a 
-^o^n pic image may ^ Slaved. Tt. Is desirable to 
pTwn Hp „ one-dimension al diffuser p*np1 ?3 in the vicinity 
~* ^^Mcopic im*** to be display^- By the diffuser 
23. a vertical visual fiel d mav be enlarged slightly^ 
25 and discontinuities betwee n the wavefronrs 32a, 22b, 22c are 
to be inconspicuous . A ccordingly, more natural 
arp ^ s .o pic effects ™*y be expressed. Although horizontal 
r ,^n ,v Tnay he suffici ently achieved by the technique shown 
^ t ^. 3. it i» difficult to obtain vertical parallax.. 
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This 



difficulty ^ addressed in the following. 



l UuLiu, u. . hm n H i il^. J, u '.l' 1111111 1"^ m, ' T 

^ Li Lbi. -'nr i l iii '—"'i ri n n nn-qfo ^ - 

5 o nu. dli i i u m iin nul »* « TOfc n n< i h ul uI L lx- Dnofh u L. Ti n j ^ n Ti f ort 
^ ULiuiibj iil ■■ mTiPrt iii a . n-mt-i^ l JU LLLinn l . j w n rn n 
ae U u ii ilb i u compr inin g, J u l cxaap l n, a y cil^, n p. - mirror 21. 
HiaL iu, by fchn r o Lali ui i of the ^ alvano tu 1i j.u a. T M i n n- 
<fa^ L l u u jhomi by ni l an u H A i» ri g . 3, a p l urality of - 

a i'iJi i 'JMl 1n Mn „ ■ < "ii Hv.»inn Thcrobv, a- 
jtcrcoDoopio imago may bo displayed. 

A , ohowft in Fl y . 3, it i» J c jirablc to pro»v ri n n n 
15 o ul. d iiu u ui>.i o nal d igfuj c r pgiu .1 xn lln 'I' " f ^ 

s lxiuuj^ i t i y rn U. J ijy l u^ U> L hL ill.rr p wl 

i g, a uli 1.1ml ,n " n n l ^" 1H 'i' 1[ » nnlaraod olightly, and 

aiuu u u L iu uilir nhr n 11 f 22c age madQ 

t o bu iuuonEpim n n^ Auuuiidlnply, moro natuial sfce^ nnrn p i ^ 
20 feffccto may be GitprGoaod - r 

Ul-ij , i i i tj.hu cn-i wrinr" w - iniacrcc am - 

J ljjjlJ L^c d bj tin- v-r^"-' 1 mninr j of ono dimu i uionnl 

wa, u£iu ntfl v <Hi utilizing the technique ohown in rig. 3, 
25 li o il^ u utal puL - olla* may uuffloiently be ocourcd, but it 

Uuu uu i l- diff im i t yi-iril parallax e-i woll 

Au uu xdiu y ly, lan n li Jl£JJ.eul*jy ia addrooaud in L int f oil o w in g 

When a display apparatus U ofaruotue c d b A the vis n *> f - 
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10 



15 



includes a diffraction grating such as a GLV or a hologram, 
the relations expressed by the following Equation 1 and 
Equation 2 are satisfied, where the maximum spatial frequency 
of the diffraction grating, the shortest period of the grating, 
a reproduced wavelength, and a diffraction angle (the 
diffraction angle influences the extent of a visual field) 
are respectively designated by f b , [[£]]A, [[e]]\, and [[Ml©. 

f fc— l/E fi, = 1/A - (Equation 1) 
Vc. -< oin6 f„X = sine ... (Equation 2) 

According to the sampling theorem, the minimum sampling 
frequency f. may be expressed to meet by. the following 
Equation 3. 

f « - 2fh ... (Equation 3) 



Accordingly, a sample number N necessary for 
reproducing a» a one-diraensional stereoscopic image having 
20 a horizontal length d may be expressed 4K«*e** by. the following 
Equation 4 . 

n - d-f„ — (2d'oinfe) /* n = d-f. - (2d-sin6)/X ... 
(Equation 4) 



25 



Moreover, when the vertical resolution of the display 
apparatus is designated by L, the total number N h of the 
samples constituting one stereoscopic image may be expressed 
by the following Equation 5 in the case where the stereoscopic 
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10 



i.aage is displayed by the technique shown in Fig. 3, namely 
when L Pieces of the one-dimensional type diffraction 
gratings are vertically arranged. 

Um dL -f^ ^kLL-pino^ dL-f. - (2dL-sine)/A - 

(Equation 5) 

In order to secure the vertical parallax, a total number 
Nnv of the samples necessary for constituting one stereoscopic 
image may be expressed by the following Equation 6 where the 
vertical length of the stereoscopic image is designated by 



tw^ (QdH'^ a ^e a = f2dwsin a e)/\ 2 ... (Equation 

15 6) 

As being apparent can be seen by Lh u compaMi nn n o f - 
comparing Equation 5 and Equation 6, a required amount of 
information (the number of samples) remarkably increases when 
20 achievement of both the horizontal p a - rolla * «d **** vertical 
parallax are triod to - b e secured, compared to when ±a- 
^ un tpariflon "Hh that in the ease i *h c T »» only *fee- horizontal 
parallax is secured. For example, when the d iffraction angle 
a is 30 degrees and the reproduced wavelen gth X is 0.5 urn, 
25 the rotal number N hT ™d samples is ™» * ^ according 

1-q E quation 6. Further, whe n the horizontal length d and 
v^rtleal length w of a stereoscopic im a cre to be displayed are 
mo mm. the total number ft - of samples necessary for_ 
^pla ylnc one stereoscopic ima ae is 2 x 10 10 . That is,, .20 
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> 7 4^t..-l of infQ ^r 1 on becomes necessary t.^ disjglax 
. ^ rtM c M ic i -*^- Moreover for example, if 30 

a ^ r -n images are h« displayed ^vety second for 

^■pi^ ^^nBtlctWi ^ T"- fiOOGhit-^ HSGbyf ) of 
5 information becomes n ecessary every second,. 

M oi u jpeoifienlly, when tho dilfj i ftft i angle. 0 i° 
^ L u 30 L l L.JiM.i nnrl ll.i r T -^"' 1 lnnrfth A l u 

LL u.l mo . 1 1 1 r mfffr- r r 11 ' " rn 1 lli rpd ^ 

10 aav^^ *. in c u ur 'u x - miny ni Ll i Elation fi, Il Li icn rnn , v hnn *fe e- 
WJ-^ u uLal l L UJt h d and the ^ r ll i- al lungth i. n f n - 

gL U-iu ^ li I.....J. tn a: jiln y nri gi L m . H j - n t r n b o 

jdU a u L t< LI il 1 nu n*" ^ ^ "i- 1 1 1 - • |rnT Y f n T ' 

ux^iujii ij m-r ^i u niu m u m . .1 n -» » i n **. That io, *h- 

15 um u uuL u l Inf u L iu ua u ii of flO 0 ^ ft r i-w^ u uLLJC-ir y f n v ■ 
^plajdu g one pi nnn u £ jfeuraoaaopi u Image. M n ixovor, i f 10 
^ L-XLJJLi m i i i iTmr jr n" ""P 1 ^ " aQCOnd f n r ' 

^Uplajliiy moving p iuL urc imogG, L ho amount informatio n 
,£ COO C i [7 B -7 nr—M l l frrr ' " il ' v cvcry coo orifi 



20 



25 



incidentally, Ll ^ amount o£ j-iifomr l nn o f- 600 G bits 
of information is equal to an the same amount of information 
required when the moving ^ l cL urc imago It pictures are 
displayed w±*i* using monochromatic and no-gradation images. 
If a color display with the three primary colors is 
performed desired , *ft the amount of information required is 
tripled. If eight levels of gradation is- are to be used, eight 
times e£ the amount of information is further required. 
Furthermore, if displaying is performed on a 12-inch 
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display apparatus, au uiu u uuL u f Infnnm Hw seven times the 

. + n * information or more is further needed- A ccor dingly, 

Signal processing dealing with such an enormous amount 
of information at a high speed is far from being put to 
5 practical use at present by conventional methods . 

Oil Lhc other liuud, opp n rrtlng According to the present 
eHfee^e,* invention , 1> j th. uoo of usina the technique shown 
in Fig. 3, a stereoscopic image is displayed only by the 
10 horizontal parallax thereof L l ic roUnqii.i.jhmcnt nf^jrfith 
the vertical parallax thereof being relinquished. In this 
case, s^j^fcy similar to w hat have boon that described above, 
for example, when the diffraction angle [[e}]9 is set to be 
30 degrees and the reproduced wavelength [ [fi] ]X is set to be 
15 0.5 [[im]] urn, the total number N*, of the required samples 
is 2dL * 10 6 in accord conformity with Equation 5. If the 
horizontal length d and the vertical length w of a 
stereoscopic image to be displayed are j i mallj act t n hr» 
100 mm and the vertical resolution L is set to be 1000, the 
20 total number N h of the samples necessary for displaying one 
piece of stereoscopic image is 2 « 10 ! . This amount of 
information is 1/100 in ooi utj aislnon »ith 1/100** of the 
aforesaid total sample number N^tt,]] Ji-e-jL 2 *10 1- 
awarding to the present emb odiment, using the technique, 
25 ^nwn in Fig. 3. it is possible to decrease the amount of 
information and processin g time necessary for displaying ,^ 
«r»r»r,* G o pic image a t. a practical level. Also, because two 
human eves exist in a horizont al line, human eyes are less 
Banaitiva to vertical paral l ax than to horizontal parallax. 
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15 



Thus, stereoscopic effe c ts mav fully be expressed in the case 
„w a stBr e^apic Image i* displayed by the use of the 
^hnicxue shown in Fig. 3, w it h it s vert ical parallax being 
relinquished ■ 

Au iu xding to t hr . present embodiment uolu y Un icohni gnn 
rfxown in Fi y i 3, it hoocmmu pon^n l u dm iuaj r nn nm n nnt 
i <£ la fonm l.inn nr' - r 1 1li rr tiML - Loth boiuu ™ m * °* r * 
jor dioplnyliig a sfcern o.uup ia imago, to a praotioal 1qt»*t - 

In c identally, L von in rhc. case, when- a uL u ibQ^wri^ 
lmg yu ia displayed by LLu aac Hil. tcchniquo ^h u »u in Fig 
3, u lthit- y — r 11 ■"rlmri i- m rclinefui j liud, bccattsn tu n 
human oyco ci tlat in a n u J - liontatl l i ne, human oy n a are more 
l-ii ocnjiti.c t n pnrallaH Chan horlL u ii L alpora lloi r. 

and thorcby jt«e e ooot J ia offcota may fully be o«proo90d. - 



Next, according to s*±£* another embodiment of the 
present invention, a display apparatus 30 shown in Fig. 
20 4 is provided for displaying a stereoscopic image. The 
display apparatus 30 displays stereoscopic images by 
scanning and projecting light modulated by a 
micromachine type one-dimensional spatial modulator by 
u l. ilii.ing the gforooaid ^ i lnciF-lx of tho prcaont 
25 invontion. The display apparatus 30 comprises a first 
laser oscillator 31a, a s econd laser oscillator 31b, and 
a t/hird laser oscillator 31 c that respectively emits a 
T asat beam in the wavelength range of red, green and blue . 
Other types of coherent lig ht sources such as solid state 

19 
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1* SQ r device i ** y h « cloved in place of the laser . 
» s cillators. ^ display apparatus 30 further, 
.o ^ises a GL V " modulating the laser beams emitted 
the laser dilators 31 «, 31b f 31c so as to form 
^ mm ^n rta lwavefront*Wr. Wcr, wb with desired phage 



one 

distributions ■ 



10 



g hc d isplay ap p aratus 30 comprinuu, as sH^rn in Fig . 
1, a l iuL 1 i ir r nifi inn' ^ n 1 " rrm ri * * aillaT n * 

J i b auJ a LL1 i n 1 ■ nn Lilla l.cn" T i n tUul j -uj^lM I «H y n tn l t " 

* - la^i. b L am i n rnn T i Mumluigtih rnmjc u £ icd, gro ui i aadbluo, 

■ ^p^U^lj Tl 11-r luj uw an r n t ^ JulUi l. p y l n n i n 

fa L U 32 l u i-m C M i m - H -i n r j Ihu lftjnrtien i u u ulblcd f*uu Lime laacr 
t^ u LlluL uu 71 i ? 1n ou aL to f or m ui ic dimcms i r mul wavcf rnn t r 
15 wdrLh rospooliv u lj rinrrUu d phasa d l JtributionT 

MLca - uaLivoly, u Uiur type* u l uu licrcTin llghfe onurcor 
tfuUl uo j u li J it r. t n luj Li j d^TTi r n maj be u mplnyi-J in plnnn o f 
ihc laser oscillators. 



20 



25 



The GLV 32 is provided with three ribbon arrays 
32a r 32b, 32c respectively formed from a plurality of 
minute ribbons that are one-dimensionally arrayed (in 
a straight line) . In the GLV 32, each ribbon 32a, 32b, . 
32c is structured to be able to ascend and descend 
independently and ^bitrary arbitrarily by use of a 
piezoelectric device or the like . Sfeese The ribbons 32a 
32b , 32c in the GLV 32 are independently driven by a 
control circuit that will be described later. Metcovo* 
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eaefe Each ribbon array 32a, 32b, 32c of the GLV 32 is 
irradiated by a red laser beam, a green laser beam,, or 
a blue laser beam that is respectively radiated from the 
first, the second,, or the third laser oscillators 31a, 
5 31b, 31c That is, in the GLV 32, a ribbon array 32a 
<w r P H r a ribbon array 32b for green, and a ribbon array 
ag ft for blue are formed, and th e red laser beam, the green 
i asa r beam, and th » blue laser beam are selectively 
radiated . Then, th« GT.V 32 one -dimensionally modulates 
10 and reflects each laser beam to generate an arbitrary. 
wavefront for each color; a red wavefront Wr, a green 
wavefront wg. and a blue w avefront Wb shown in Fig. 4. 
R. ftW ». the color wavefronts W r. Wa. Wb travel through 
substantially the same o ptical path, they are_ 
15 collectively referred to as a lase r beam in the following 
sections of the present spec ification. 

That io, in Lhu CLV 32, a ribbon array 32a l u i red; ft 
iJ Lbb u ft array 32b f o i waxen, and a ribbon una; 32o Sot h i no 

20 arc fegmed, and tho rod laj&i. 1 beam, the groan Iqj&b beam or 
Uk. blue, laser beam io >eopct*ivoly nJlatcdi Then, tho CLV 
33 u ml. e Uncnaion i illy nmdulQtBB and rcflc i Lu uu l Ii 1ti — i* hn n m 
■L u y au i n'atc on arbitrary watfcfrsftt aL every o u I u j. as xed 
w a m .fj.e nt Wr, gn u i wu j cfronfc Wg and blue waToffrcmt Wb aho w ft 

25 l.-. rig. 4. — Bcoauoo r o jpcntive color wavufronta Wr; Wg, Wb 
Wmc have been gonoggtod - ln auoh ci way that thoj traw] rh rn ngh 
.jul ij uifltlally the name opti c al path, naiAi col o r laacr hoaro 

named gonorlually and a imply as a lance bnam in tho - 
f allowing occtiona of the prcnent epecif icafeion. 
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Moreover, the display apparatus 30 comprises a 
collimator lens 33, a first galvano-mirror 34, a second 
galvano-mirror 35, a Fourier transformation lens 36^ and «» 
a one-dimensional diffuser panel 37, a^*e«*r arranged in 
5 this order on an optical path of the laser beams reflected 
bytheGLV32. Th* collimator 33 allows the laser beams 

ro fl ec ted bv the GLV 32 to pass through to form parallel rays. 

parallel rays leaving the co l limator lens 33 are then 
ix^fWt on the first galva nn-mirror 34. The first, 
10 ^ivano-mirror 34 reflects the incident laser beams to make 
^ ^Hd^nt on the f»»r. e nd aalvano-mirror 35. The second 
r i^.n n -mirror 35 reflects the i ncident laser beams to make 
j-hftm incident on the Fourier transformation lens 36., 

15 Th e colliTTi iil - r 1 — " ' 31 ^nnrm rhu ldjcrheoma reflected 

by L hu. GLV 32 to y^ u through to form parallel rayj, and tho 
jj jrall t il X J y i in i nriri- nt — <"-"1- r mlvano mirror 34. The 
■£J.i .j u galvano minui 3 1 raflc uL j the inoia ui il laj i j: h rn wn t n 
i mkfc them lncidt7.nL on the amond gal^im miraef 35. Tho - 

20 se c ond galvau u ml J. J or 3D reflects Uiu liicidont laocr boamo 
Lu iuuI l l. Ehcm iTi r idcnt on «lm rourior traujf ormati on lens 36. 

Rotations of the first and the second galvano-mirrors 
34, 35 are controlled by a control circuit that will be 
25 described later. Assuming an xyz coordinate system as shown 
in Fig. 5, the first galvano-mirror 34 is controlled to rotate 
about the z-axis, and the second galvano-mirror 35 is 
controlled to rotate about the x-axis. That is, the first 
and the second galvano-mirrors 34, 35 have rotation axes 

22 
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orthogonal to each other, and they are driven to rotate about 
respective rotation axes under the control of the control 
circuit - 

5 ac co rdingly, lu the d 1- r igy apparatus 30, bin 

buui uu, LUaL h o* rr tu nfi ulaL L d by the CLV 32 and ho^n - 

u iu. d lu mu.l 1 h / v r rfLu uL j (H nr- n r »g»cfio i itc) i arc pcomi Prt 

fay L hu Ili -u t and Mi l jc u u nd g ilvono airroi>, 31, 3D in surn 
u w a j , for n W l L< nh n im in rig. 6- Fig. 6 jO imatically 
10 shows the scanning directions of the laser beams in a 

projection plane on which stereoscopic images are projected 
by the display apparatus 30. In the figure, the transverse 
direction is assumed as the horizontal direction, and the 
longitudinal direction is assumed as the vertical direction - 
15 That is, in the display app aratus 30, the first and the second 
^nirano-mirrors 34, 35 are driven to rotate by the control 
Hreuit and, thereby, can scan the incident laser beams in 
rhP horizontal direction and the vertical direction, ,. 
respectively. 

20 

S hut is, in Lhc display agporatmo 30, the first and the 
j uuun d Lj al vunn minora 3 4 . 35 aro driv u ft to rotate by the 
e oi i Liu l uirmilt, and thereby thoy can pcaii the incident laser 
bee» b in the hoi"iaontal direction and fehc vertical direction, 
25 gcopoct ivcly . 

Because the laser beams modulated by the GLV 32 have 
one-dimensional wavefronts in tho display a^iiifOtn- T O, 
stereoscopic images may be displayed by *fee scanning e# the 

23 
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laser beams only with the second galvano-mirror 35 in the 
direction perpendicular to the laser beam wavef ronts [ [ , 1 ] 
Ji.e.^ the vertical direction in Fig. 61, without using 
the first galvano-itiirror 34. In this case, the horizontal 
5 length of the stereoscopic image to be displayed is restricted 
by the length of the ribbon arrays 32a, 32b, 32c formed on 
the GLV 32. 

M oi l specifically, whea When a GLV capable of 
10 displaying 1024 pixels is used as the GLV 32 in the 
display apparatus 30, UK number of there are 6,144 
ribbons in each ribbon array 32a, 32b, 32c in the 

GLV 32 am severally 6144 - { in the c»» where six ribbons 
are included in one pixel) . *u L Iil GLV 32, u hc n- When 
15 it is assumed that an interval distance between two 
neighboring ribbons is 5 [ [im] ] urn, the horizontal 
length of a stereoscopic image capable of being 
projected by the display apparatus 30 feeeeaes- is about 
30 mm. unless a magnifying lens is used. Accordingly,. 
20 It is necessary to increase the n umber of ribbons of the 
GLV 32 in order to widen the horizontal length of the 
stereoscopic image. However, t he yield of 
manufacturing is decreased and the manufacturi ng cost 
increased when the device area of the GLV 32 is enla rged^ 



25 



Auu m r d lngly. 1t lir' -— »n lnnaanoo Lli u »mnbor mf 
irtlbbons of the GLV 32 in ordou La widen the horinuuUal length 
of the otGiXoacopio image. Oft the other h n nd, the yi«1rt o f 
a t aflufacturing may bo dicraaoitd and the manuf nu U miing ooor m n y 



24 



PAGE 58/76 1 RCVD AT 4/612005 1 1 :58:03 AM [Eastern Daylight Time] ' SVR:USPT0-EFXRM/5 ' DNIS:8729306 * CSID:3142595959 * DURATION (mm-ss):1 M6 



Apr-06-05 10:58 From-Sonnsnschain Nath i Rosenthal 314 259 5859 T-643 P. 059/076 F- 



b i a iiux lujl J I M hf rin x n u aiu u f thn PL' . ' 3* 1 i -J L 1 1 1 1 irn r nrl 

Beeaase When , in the display apparatus 30, the 
laser beams are scanned by the first and the second 

5 galvano-mirrors 34,35 in the horizontal direction and 
in the vertical direction . Bomoly , the laser beams are, 
so to speak, two-dimensionally scanned. Accordingly, 
rhe horizontal length of the stereoscopic image to be 
displayed may be enlarged without depending on the 

10 length of the ribbon arrays 32a, 32b, 32c formed on the 
GLV 32. 

When the operation frequencies of the first and 
the second galvano-mirrors 34, 35 are 1 MHz, 200 lines 

15 may be scanned by the first galvano-mirror 34 in the 
horizontal direction even if 5,000 lines are scanned by 
the second galvano-mirror 35 in the vertical direction. 
Accordingly, aa dec oribcd above > when the GLV 32 on which 
6,144 ribbons are formed with intervals of 5 [ [im] ] urn 

20 between each other is used, the horizontal length of the 
stereoscopic image to be displayed may be enlarged up 
to 6 m. 

Because the amount of information to be processed 
25 naturally increases by leaps and bounds c onsiderably , for 
the displaying of a stereoscopic image in a large size 
as described above , the practically realizable image 
size is limited depending on the performance of signal 
processing. The display apparatus 30 according to the 

25 
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present embodiment is sufficientl y capable of 
displaying a stereoscopic image in the aforesaid <*e€f*ee 
e£ size. By ullGviatin i f the li m itation due to th n 

improving signal processing capability by, for example, 
5 utilising a parallel processing technique of a nigh 

performance computer apparatus l i u.lng high operation 

pox format, an extra-large three-dimensional image 

may also be displayed. 

10 It is difficult to scan the laser beams precisely 

in the horizontal direction and in the vertical 
direction as shown in Fig. 6 because the first and the 
second galvano-mirrors 34, 35 are driven to rotate 
continuously in the present embodiment. Alternatively, 
15 by changing the ohango of scanning speeds of the first 
and the second galvano-mirrors 34, 35 in the display 
apparatus 30 a j b li u wu In Tig 7 , laser beams may be 
scanned ntiHqimlv. as shown in Fig. 7. More 
specifically, for example, the laser beam may be scanned 
20 six times in the vertical direction by the second 

galvano-mirror 35 while the laser beam has been scanned 
once in the horizontal direction by the first 
galvano-mirror 34. However, because the 
one-dimensional ly modulated laser beam is shifted in the 
25 horizontal direction while the laser beam is scanned in 
the vertical directions in this case, an amount of such 
shifting should be *» taken into consideration to drive 
for driving the ribbon arrays 32a, 32b, 32c of the GLV 
32. 

26 
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in the display apparatus 30, by the aforesaid 
operation of the first and the second galvano-mirrors 
34, 35, the laser beams are scanned in the horizontal 
direction and the vertical direction. Then, the 
scanned laser beams te- are incident on the Fourier 
transformation lens 36. Other types of lens may be 
employed in place of the Fourier transformation lens 36 
long as such lens can perform Fourier transformation 
on the desired light. The Fourier transformation lens 
36 alters the laser bea ms passing through it according 
to the Fourier transforation. TN »»- transformed 
laser beams are incident on the one-dimension al dif fuaer 
panel 37 . 



15 



Till T o u rin 1 I n , , Irni 3C makca t h e inoident 

lau u x b u uim--! r<nn rhx u u^li it to LJ - auofo™ thm by the F o u rier 
Liaiu£ ui-mat1rm T l r- »»nn.iC u i n iLilion lcn- 7fi 

u ljJ lc u blue t r nmf n T THPri 1r> *^™ m hf incident n n fhp - 
20 one dimonaioHel diffuooi. panel 37. 

Altarnotivuly» othci Ly p ca o* ma y *>° employed ir> 

luiu u aii ] jcrfnni> rmi rl rrt "" r "^ >Lfln on the diolrod li ght 



25 



The one-dimensional diffuser panel 37 is disposed on 
a Fourier surface of the Fourier transformation lens 36 [ [, ] ] 
and the one dimensional dilflujus panel ?7 mnk n w d iffuses the 
incident laser beams p**s- passing through it diffuse thorn 
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one-dimensionally. Because the display apparatus 30 is 
provided with the one-dimensional diffuser panel 37, 4*e- 
OJ-jpluj gpppntii-^ a slightly cii lergeo the enlarged visual 
field 4*e*e*# ^ obtainable in the vertical direction, **4 
which can make the discontinuities between the wavef rents of 
the laser beams that are scanned in the vertical directions 
inconspicuous, thereby realizing more natural stereoscopic 
effects. Mt.r passing i-.hrouah the one-dimensional diffu ser 
p„ ne l 37, th» iM«t beams ^ projected on a projecrion plane 
and a stere osco pic imag * G having horizontal parallax is. 
displayed, as shown in F ig. 4^ 



■ Thiu, in teho display api J UL - atuo 30, Ui u laser h nn mr 
p ajj ud L Uiu uph n iiL. dim u iifli oT inl diffuser panel 37 io 

IS e j ected on a pro J cot ion plane en nh u wu iu rig, 1, r mri i 
^ Lui.uu u uup l c I m n gnn having horj -u ntol paralle l U displ n y rri 

The display apparatus 30 compriaes a control circuit 
40 , a3 shown in Fig. 8 . The control circuit 40 lu u anatitnl -nrl 
20 by includes , for example, various semiconductor devices. 
The information (hereinafter referred to as display image 
data) concerning stereoscopic images to be displayed is input 
into the control circuit 40. The information may be from an 
apparatus U iae may bo located outside the display apparatus 
25 30. The control circuit 40 controls the GLV 32 according to 
the input display image data to drive the plural ribbons 
formed on the GLV 32 separately. Moreover, the control 
circuit 40 controls the rotation speeds and the rotation 
timings of the first and the second galvano-mirrors 34, 35. 
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The control circuit 40 is- can comprise, for 
example ^ ■j lmwn in F.i g ^fr, e ompriscs a clock generator 
41, a Fourier transformation section 42, a GLV driving 

5 section 43, and a galvano-mirror driving section 44. 
The clock generator 41 gene rates a clock signal for 
,pf a r ene ina the operation timin g of the control circuit 
40 and the whole operation timi ng of the display, 
ap paratus 30. The clock g enerator 41 outputs the 
10 generated clock signal t o the GLV driving section 43 and 
the galvano-mirror drivin g section 44. The signal 
level of the clock signal can be set to change in a 
predetermined manner. Each sectio n of the control 
circuit 40 performs various kind s of processing at the 

!5 timing of the signal level change of th e clock signal. 

Shi clock goncrator 11 gameafatQa a clock signal being 
j, Lu fLix n c c o f t -h n n r T-» J " fr-i™^ nf tha aontrol circuit 
J O , and Lhc wh nl r nim rn t*-- ^ rHrnla w apparatus 

20 30 . Ehc clock gcnorat u i 10 outputs tho generated oloult signal 
^thc clv driving ncotion 13 and tehe galvano mirror driving 
jeeti e n at. The signal Kurd s£ fr^ r . clock signal ohangos r 
cuamplc, o^ury pgadotui ii iincd time. Bach section of the 
< Kmfenol circuit 40 performs various kinds of processing of - 
25 fehc timing of the ol y nal lowl change of the ol u ik signal. 

The Fourier transformation section 42 receives display 
image data from an external apparatus, and performs the 
Fourier transformation processing of the display image data. 
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Then, the Fourier transformation section 42 outputs the data 
after performing the Fourier transformation processing to the 
GLV driving section 43. 

5 The GLV driving section 43 operates at a timing based 

on the clock signal input from the clock generator 41, and 
controls the GLV 32 in accordance with the data input from 
the Fourier transformation section 42. That: is, the GLV 
driving section 43 drives each ribbon formed on the GLV 32 

10 to ascend or to descend, and sets each ribbon array 32a, 32b, 
32c of the GLV 32 at a desired position that corresponds to 
a phase distribution in accordance with the input data. 

The galvano-mirror driving section 44 controls the 
15 rotations of the first and the second galvano-mirror 34 

according to the timing based on the clock signal input from 
the clock generator 41. 

The oontr u l circuit 10 has tho lolloping control 
20 -function. That is, by the operation of the GLV driving 
section 43 and the galvano-mirror driving section 44 
according to the clock signal, the control circuit 40 ffiakea- 
cau$ es the GLV 32 and the first and the second galvano-mirrors 
34, 35 to operate at suitable timings in cooperation with each 
25 other . When the laser beams are scanned under the above citod 
control of the control circuit 40, -aft a stereoscopic image 
is displayed in the display apparatus 30^ as shown in Fig. 
6 or Fig. 7. 



30 
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The display apparatus 30 structured in such a way uses 
a micromachine type one-dimensional spatial modulator, i.e. 
the GLV 32, as a spatial modulator for modulating light to 
be projected. Because the GLV 32 can be operated at an 
5 extremely high speed, *n abundant amount of information may 
ho » HW d to display the stereoscopic image be dioplayod 
.. UilL U -iiM J u n ffir i i nr -' Y ^"^t^ Mnmmf u l inforn n t io n . 
Moreover, because the display apparatus 30 displays the 
stereoscopic image with the light modulated by the GLV 32, 
10 the overall structure of the apparatus may be simplified, and 
the manufacturing cost thereof may be lowered. Moreover, 
stereoscopic effects may be expressed without using special 
equipment such as dedicated glasses for viewing a 
stereoscopic image. 

Moreover, the display apparatus 30 modulates the laser 
beams with the GLV 32 having a function of » a one-dimensional 
spatial modulator [ [ , ] ] and proj ects the modulated laser beams 
while scanning them to predetermined directions. Thereby, 
20 the display apparatus 30 displays the stereoscopic image. 
That is, the display apparatus 30 relinquishes the vertical 
parallax in the stereoscopic image to be displayed [[, 1 ] and 
displays the stereoscopic image only with its horizontal 
parallax. Since the display apparatus 30 displays the 
25 stereoscopic image by utilizing only the horizontal parallax, 
the display apparatus 30 may suppress the increase of the 
amount of information necessary for displaying the 
stereoscopic image ^, and frhcrc^ Thereby^ it becomes possible 
to decrease the amount of information and *fee processing time,- 

31 
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both being necessary for displaying the stereoscopic image. 

In the above description, the display apparatus 30 
scans the laser beams in the horizontal direction and in the 
5 vertical direction with using the first and the second 
galvano-mirrors 34, 35 ^ uud consequently. In this way, the 
display apparatus 30 functions, so to speak, as a scan 
mechanism for scanning the laser beams. 

10 The display apparatus 30 is not limited to fee being, 

equipped with the scan mechanism structured in uui.h a nay as 
described . Alternatively f ony Any. scan mechanism structured 
to scan and project laser beams in predetermined directions 
may be gatployablo used. More specif ically, for example, the 

15 sc an mechanism may be structured by the use of a two-axis 
galvano-mirror having rotational a xes orthogonal to each 
other and able to be driven two-di mensional ly ■ 

Merc □pacifically/ for eiiamplc, the aaan mechanism may 
20 be structured by the tiuo of a two aula galvano - mdrror thai? 
fr> cgui p ppd with rotati o nal QJCcb c tfthogonal to oaoh other and 
may drive a mirror two dimcnsi e nally ■ 

Moreover, as another type of the scan mechanism, 

25 a mirror array 50 , as shown in Fig. 9, may be used. In the 
mirror array 50, aa sh c um in rig* 9i - surfaces on which the 
laser beams are incident upon are formed in a multistage shape . 
The reflection angle of each stage mirror is formed to differ 
from each other slightly. Then, by the use of the mirror array 
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50 in combination with, for example, the first galvano-mirror 
34 , the scanning with the scan mechanism is accomplished . In 
for example b y rotating the galvano-mirror 34 
horizontal axis, the laser beams are scanned in t h e 
5 nation of ^ a rrow A in the vertical direction). 

rpKon , i-h* laser beams »™ incident on the reflection surfaces 
~o mi r, or array 50 and scanned i n t he direc tion of an arrow 
w in Fig. 9, namely the direc tion of a combination of the 
TOTt ieal direction and the h orizontal direction, on a 
10 projection plane 51. 

in Lliin oocm £m- u ecrn ipl n, the rotaLi u n driving nf 
4»hL y ul ' uuu u m lr r n r SI about frhu harlnontol gjiiu, the 1 m n r 
bum i u iii , i l i nr mn rri in Lhc d1i»p r ,bl u ii of an uj.i u h ft in rig 0, 

15 j^c. th» voiLloal dirocli u u. Then, Lhc laoor beams a*o 
■LtiadmL u n thn r n flu u tJion auiffu u uj of the minor woy 
«tiJ LlmuLy cn n I n -u. booms am J L iinncd in t.lm JiinH n n n f 
*n gn u . D in T i g 0, namely th r . dix-cotion nl a combinnt i n n 
ul Ui l. jcrrlrnl n - n ™* ^ hnr l-rnii Lal Ji rc ft inn , n r> 

20 a projection plono 51. - 

Moreover, in the display apparatus 30, the scan 
mechanismmay be structured by the combination of, for example, 
a polygon mirror and a volume type hologram. Alternatively, 
25 the display apparatus may be structured to scan the laser 
beams by the rotation of the GLV 32 itself ***** utilizing a 
rotation mechanism such as a stepping motor. 

Although the invention has been described in its 

33 
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preferred *h» forms with a certain degree of particularity, 
obuiuuolyionT^ changes, variations^ and combinations of the 
embodiments are possible therein. It is therefore to be 
understood that the present invention may be practiced Other 
than as specifically described herein without departing from 
the scope of the invention thcaeof . 
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What is claimed is: 

1. (Currently amended) A stereoscopic image 

display apparatus comprising: 

a light source radiating light of a wavelength in 

5 a predetermined wavelength range; 

a one-dimensional spatial modulator couriered *e 
y uxi^a lu nn ubiUdiy ph^c ai.L i il Ji.Hinn ming including 
one-dimensionally arrayed elements having top surfaces, the . 
dements being that aro independently driven such that the 
10 onrtre top surges of each element selecrively moves upward 
and downward Hnrina operat ion of the display apparatus; and 
a scan unit scanning the light to a predetermined 
direction during opera tion of the display apparatus ±* 
Airplay a Gtcrae se opic imay* , the light being from said light 
15 source, having entered into said one-dimensional spatial 
modulator and having been modulated therein. 

2. (Currently amended) The stereoscopic image 
display apparatus according to claim 1, wherein said scan unit 
scans the light modulated by said one-dimensional spatial 
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modulator in a direction perpendicular to an arraying 
direction of the elements of said one-dimensional spatial 
modulator to achiev e horizontal parallax. 

3. (Currently amended) The stereoscopic image 
5 display apparatus according to claim t [13 3 2, wherein *«M 
light L uuiLi i n r n- m-M"* 1,nnir rant in g 

iuJiJ. LLOiuu l i ning i i u m ulxngthc Hi tu- n lct r mri. ncd wovolongth 
+«u y uo jcvaj-ftlly oprreup o udlng to ^d, yiu.i i jn rt said 
■ ^ »nit is a first scan unit r otating about a first scan 
10 unit axis and the appara t us further comprises a second scan 
n^t. rotating about » second scan unit axis ortho gonal to the 
ttcan unit axis, the s econd scan unit scanning the 
filiated light in a direction parallel to an arraying 
H^prtion of the elements of s aid one-dimensional spatial 
15 modulator to achieve vert ical parallax. 

4. (Previously presented) The stereoscopic 
image display apparatus according to claim 1, said apparatus 
further comprising! 

a diffuser panel diffusing modulated light scanned 
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by said scan unit to display the stereoscopic image. 

5. (Original) The stereoscopic image display 
apparatus according to claim 1, wherein said one-dimensional 
spatial modulator comprises a Grating Light Valve. 
5 6 . (Currently amended) A stereoscopic image 

display apparatus comprising: 

a light source radiating light having a wavelength 
in a predetermined wavelength range; 

a Grating Light Valve device havin g including a 
10 plurality of ribbon-like elements having top surfaces, the 
Grating Light Valve being ead configured to generate aft 
a*fritra*yaphase distribution by independently driving each 
ribbon-like element so that all of the top surface of each 
a1 gment selectively moves up a nd down during operation of the 

15 display apparatus ; 

a collimator lens making the light modulated by 
said Grating Light Valve device into parallel «ay ravs; 

a scan unit scanning the parallel *ay rays coming 
from said collimator lens; 
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a lens performing Fourier trans format ion on the 

scanned «ay rays ; and 

a diffuser panel diffusing the Fourier 
transformed rays by said lens b u jU^ lay a ot muuLo r l " ^ i g r. 
5 7. (Currently amended) A stereoscopic image 

display apparatus comprising: 

means for radiating coherent light; 

means for gcnoratin g a* arbitrary pi»se 

distribution -fry spatially modulating the coherent: light in 
10 a one-dimensional ^ ™ f wherein the means for spatially 

^m.Hno is contr olled in parr according to a Fourier 
■transformation function ; and 

means for scanning the modulated light in %«• a 
tuiJulcrmiffEfi direction orthogonal to said one-dimensional 
15 ^ — <™ ^ a direction P ^allel to said one-dimensional 
direction 4*3 display a otero u jcopie im n g r. 

8. (Currently amended) A stereoscopic image 
display method comprising: 

radiating coherent light ; 
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ye i' i CJ- a L lay j ii nr ML jL ory phase diott 
spatially modulating the coherent light in a one-dimensional 
direction ^ Areord v*ith a Courier transformation function; 
and 

5 dioplaying a jtaeennpoplo imago - by scanning the 

modulated light to a p^ d o tormi W direction orthogonal to 
said one-dimensional direction at a first speed. 

9. (New) A stereoscopic image display apparatus 
according to claim 1, wherein the scan unit is a polygonmirror 

10 and the apparatus further comprises a volume type hologram 
device . 

10 . (New) A stereoscopic image display apparatus 
according to claim 2, wherein the scan unit is a 
galvano-mirror and the apparatus further comprises a 

15 multistage mirror having a plurality of stacked reflection 
surfaces, wherein each surface has an angle that is different 
than angles of the other of said reflection surfaces, for 
scanning the light scanned by the scan unit in a direction 
intermediate said perpendicular direction to the arraying 
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direction of the elements of said one dimensional spatial 
adulator and parallel to the arraying direction of the 
elements . 

11 . (New) A stereoscopic image display apparatus 
5 according to claim 3, wherein the first and second scanning 

units are galvano-mirrors . 

12. (New) A stereoscopic image display method 
according to claim 11, further comprising: 

a collimator lens to parallelize the modulated 
10 light before scanning by the first and second scanning units 
during operation of the display apparatus; and 

a Fourier transformation lens for transforming the 
modulated, parallelized, and two-dimensionally scanned 
light during operation of the display apparatus. 
15 13 . (^w) A stereoscopic image display method 

comprising according to claim 8, further comprising: 

scanning the modulated light to a direction 
parallel to said one-dimensional direction at a second speed 
that is different than said first speed, wherein said spatial 
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modulation is controlled based on an amount of shifting of 
the 3-nned light resulting from said differing scanning 
speeds . 

14. (New} A stereoscopic image display method 

5 according to claim 8, wherein: 

the spatial modulation is performed with a 

modulation device; and 

the modulation device rotates during performance of the 
method . 
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ABSTRACT OF THE DISCLOSURE 
A s tereo 5 ooeic " *" 

apparatus cerises • ^ — » diatin9 ^ t 

predetermined wavelength ran,e. a, one-di*ensional spatial 

adulator i-d-i- one-dimensionaUv arranged 
that are independently driven to generate an arbitral Phase 
distribution, and a -an unit —in, the *». the 

U*h« -roe to a predetermined direction, the light having 
entered into the one-dimensional spatial modulator and 
Having been modulated therein. 
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